Objective. There is increasing interest in patients with metachronous (MBC) and synchronous breast cancer (SBC). The objective of this study was to evaluate the occurrence and outcome of MBCs and SBCs. Methods. A retrospective study on women operated in our department for breast cancer between 2002 and 2005 was carried out. Patients were divided into three groups: women with MBC, SBC, and unilateral breast cancer (UBC). Moreover, we performed a meta-analysis of the English literature about multiple breast cancers between 2000 and 2011 taking into consideration their prevalence and overall survival (OS). Results. We identified 584 breast cancer patients: 16 women (3%) presented SBC and 40 MBC (7%, second cancer after 72-month follow-up IQR 40-145). Although the meta-analysis showed significant OS differences between MBC or SBC and UBC, we did not observe any significant OS difference among the three groups of our population. Anyway, we found a significant worse disease-free survival in MBC than UBC and a significant higher prevalence of radical surgery in MBC and SBC than UBC. Conclusions. Despite the low prevalence of MBC and SBC, the presence of a long time risk of MBC confirms the crucial role of ipsi-and contralateral mammographies in the postoperative follow-up.
Introduction
The increasing incidence rate of breast cancer (BC) and its long term survival, due to both an improved prognosis and a growing life expectancy, have brought interest in patients with a second primary metachronous (MBC) or synchronous breast cancer (SBC) [1] [2] [3] . In particular, BC represents about the 30-50% of all second primary malignancies in women affected by primary BC, who have a two-to-sixfold increased risk of developing a new primary cancer in the contralateral breast during their life [4] [5] [6] , corresponding to a risk of 0.3-1.0% per year [7] [8] [9] [10] [11] [12] .
There is uncertainty in the literature whether developing a MBC or SBC influences the outcome. In fact, some studies suggest poor survival while others report similar survival compared to patients with unilateral breast cancer (UBC). In particular, women affected by SBCs seem to have a lower long term survival [13] [14] [15] , even if this difference is not always significant. Moreover, there is conflicting evidence about the impact of SBCs and MBCs on the management of patients with regard to surgical treatment options, such as the role of prophylactic mastectomy. In fact, these patients undergo more often bilateral mastectomies rather than breast conserving interventions, although there are reports confirming the efficacy of less invasive management in bilateral breast cancer as for unilateral tumors [14, 16] .
The objective of this study is to evaluate the occurrence of MBCs or SBCs and their outcome. 
Materials and Methods

Retrospective Study.
A retrospective cross-sectional study on women operated in our department for BC between January 2001 and December 2004 was carried out, with a followup of at least 5 years, within May 2011. In addition, we selected only women with the first diagnosis of cancer occurring between January 2001 and December 2004. Patients were divided into three groups based on the presence of multiple breast cancers and the time interval between their detection. In particular, according to most of the authors, we considered synchronous all second BCs detected within 6 months from the first diagnosis and located in the contralateral breast [17] [18] [19] and metachronous those diagnosed after 6 months from the first BC diagnosis in the contralateral breast or in the same breast but with different histology. The remaining women with a diagnosis of UBCs were considered as a control cohort.
Tumor pathological characteristics include size, histological type, nuclear/histologic grading, multicentricity, eventual presence of peritumoral vascular invasion (PVI), extensive in situ component (EIC), axillary lymph node status, lymph nodes extracapsular invasion (ExCp), estrogen (ER) and progesterone receptor (PR) status, HER-2/Neu expression, Mib-1(Ki-67) expression. The surgical specimens were examined fresh and the maximum tumor diameter was recorded after these were fixed in 10% buffered formalin. Histologically, the tumors were classified according to the World Health Organization criteria [20] , as modified by Rosen and Oberman [21] . Tumor grade was evaluated following the recommendations of Elston and Ellis [22] . The occurrence of PVI was assessed according to Rosen and Oberman [21] . The expression of ER, PR, Her-2/Neu, and the tumor proliferative fraction (Mib1/Ki67) was evaluated immunohistochemically. ER and PR status and cell proliferation were recorded as percentage value. HER-2/Neu was considered positive when Her-2/Neu test resulted 3+ or 2+ with fish amplification and negative if value was 1+. ExCp was defined as the extracapsular growth of tumor cells, invasion of perinodal fat, or extranodal location of tumor cells. Tumor stage was defined according to the TNM classification of 2009 VII ed. (AJCC/UICC).
Data about patients' familial history were also collected, and, for the purpose of our retrospective study, a positive familial history was defined by the presence of a first-or second-degree relative with breast cancer. Moreover, data was collected about the patients' age, at both the first and the second diagnosis, weight, breast size and density, tobacco smoking habits, the tumor localization (breast side and quadrant), the diagnostic tool (objective examination, mammography, or ultrasonography), and the specific finding at the first and the second diagnosis. Then, we retrieved information also about the treatment received for the first and the second tumor and type of surgery performed.
The three groups (MBC, SBC, and UBC) were compared, taking into consideration the following outcomes: overall survival (OS), disease-free survival (DFS), overall mortality and cancer-related mortality, and locoregional and distant disease recurrence. The study was approved by the local ethics committee.
Meta-Analysis.
To perform our meta-analysis we searched in the following sources: Medline, Cochrane database, EBESCO, and Google Scholar. We included in our search only the English literature published between 2000 and 2011 and used the following search keywords: synchronous and metachronous breast cancer, bilateral breast cancer. We took into consideration in our analysis every retrospective or prospective study that evaluated survival in patients affected by MBC, SBC, and UBC. All included studies were observational and we took into consideration only those studies which utilized a Cox proportional hazards regression model for calculating the survival difference among MBC, SBC, and UBC. In addition, we included only articles of which the full text was available for data retrieval. Then, three reviewers independently extracted data from the included studies onto a standard form. The data abstracted were relevant to predetermined measures (prevalence of disease and hazards ratios with 95% confidence interval). The hazard ratio in our meta-analysis was calculated from data obtained from published reports, using methods previously described [23] . Geographic locations, sites of treatment, and time frame for breast cancer diagnosis were recorded, in order to avoid any possible population overlap, and when these features suggested a population overlap between two reports the study with longer follow-up or a larger data set was utilized, while the other was excluded from the pooled analysis. To perform this meta-analysis we took into consideration the MOOSE guidelines [24] . The OS expressed in months was calculated from both the first malignancies and considered for MBCs from both the first and the second diagnosis, taking into consideration the one from the second diagnosis for OS and DFS analysis. The 5-year survival rates were also computed. Differences between the survival Kaplan-Meyer curves for MBC, SBC, and UBC were tested by means of the log-rank test. Moreover, the Cox proportional hazards model was used in the multivariate survival analysis, and the Cohen kappa value (1 indicates a perfect agreement, 0 denotes the lack of agreement, and the P value indicates whether the estimated kappa value differs from 0) was used to test the agreement of the investigated tumor characteristics within the same patient. We investigated the agreement also calculating the percentage of tumors within the same subject presenting the same characteristics. In the meta-analysis, a summary statistic was calculated considering, where appropriate, the prevalence or hazards ratio for survival analysis. The random effect model was applied to calculate the pooled estimate, as heterogeneity between studies was expected, a priori and confirmed by Q statistic and I2 index. Furthermore, we used rank correlation 
Results
Population Description and Prevalence of MBC and SBC.
Among 736 patients operated for a breast pathology in our department during the study period, we identified 584 breast cancer patients with the first BC diagnosis made during the same period: 16 women (3%) presented SBC and 40 presented MBC (7%). The median time interval between the first and the second primary cancer diagnosis in case of MBC resulted 72 months (IQR 40-120), being the 59% of metachronous cancers diagnosed after the 5th year of follow-up and the 40% after the 10th. We had also one case of SBC which was treated with conservative methods and subsequently developed a MBC with different histology. Table 1 shows the characteristics of our population. SBCs appeared in a significantly elder population, as well as the second cancer in the MBC group. SBCs had a higher prevalence of familial history of breast cancer than other patients. Moreover, second synchronous and metachronous tumors were more frequently detected through the mammographic follow-up ( < 0.05). There was also a significant higher prevalence of hormonal therapies in SBCs than UBCs ( < 0.05). Table 2 describes the tumors characteristics and highlights a higher prevalence of lobular invasive histology among SBCs and MBCs than UBCs, but this is statistically significant only between SBCs and UBCs. No significant difference was observed among the considered groups about the TNM classification at diagnosis.
Tumor Characteristics and Outcome.
In Table 3 we see that the first and the second MBCs presented a higher prevalence of grading G3 than UBCs, but this difference was significant only between the first MBCs and UBCs ( < 0.05). Furthermore, we observed a nonsignificant lower prevalence of grading G3 in SBCs than UBCs. First MBCs expressed also less frequently estrogen and progesterone receptors than UBCs ( < 0.05), and they had a significantly lower prevalence of multifocality ( < 0.05). SBCs presented the same prevalence of estrogen and progesterone receptors expression as UBCs but a significantly higher prevalence of multifocality and lymph node extracapsular invasion than UBCs ( < 0.05).
The first and the second SBCs presented the same histological type in 44% of cases (7/16) (kappa 0.138, 0.225), grading in 69% (11/16) We found also a significantly higher prevalence of mastectomy for the second MBCs than UBCs (52% versus 36%, < 0.05) and for any SBCs than UBCs (56% versus 36%, < 0.05), being the 50% of SBCs treated with bilateral mastectomy.
Analyzing the OS, no statistically significant difference was observed between the three groups ( Figure 1) . Anyway, women affected by SBCs and MBCs had lower prevalences of death for neoplasm than UBCs. Considering the DFS, locoregional relapse or distant metastasis happened more frequently during follow-up of MBCs and SBCs than UBCs. Anyway, in the Kaplan-Meier curves of DFS the log-rank test was statistically significant only between MBCs and UBCs ( < 0.05) (Figure 1 ). This difference was also statistically significant using the monovariate, multivariate, and Cox proportional hazards model with adjustment for tumor dimensions, histology, lymph nodes status, age at diagnosis, and BMI (the HR are reported in Table 4 ). The 5-year OS in UBCs was 97% (95% CI: 95%-98%), while among MBCs and SBCs it was 100% (95% CI: 100%-100%). In addition, the 5-year DFS was 90% (95% CI: 88%-93%) in UBCs, 79% (95% CI: 66%-94%) in second MBCs, and 94% (95% CI: 83%-100%) in SBCs.
A shorter time interval between the first and the second tumor in women affected by MBCs did not predict a worse OS or DFS but resulted to be associated with a significantly lower hormone receptors positivity ( < 0.05) of the second MBC. Moreover, patients affected by MBCs, appearing within 47 months of follow-up, resulted to be older and to have a higher prevalence of lobular invasive cancers than patients with MBCs appearing after 47 months ( < 0.05) ( Table 5) . Furthermore, we observed a higher prevalence of G3 grading, peritumoral vascular invasion, extended in situ component, and multifocality among second MBCs appearing within 47 months of follow-up than UBCs (p n.s.) (Table 5 ).
Review of the Literature and Meta-Analysis.
We found 1840 pertinent abstracts published between January 2000 and August 2011. Then, we selected and retrieved 24 full articles to be candidate for the analysis, 7 of which resulted to be appropriate for the meta-analysis comparing SBCs Through the meta-analysis, the prevalence of MBCs and SBCs was, respectively, 3% (CI 95%: 2-5%) and 2% (2-3%) (Figure 2) . Moreover, considering the included studies, MBCs and SBCs presented a significantly unfavorable outcome (in terms of OS) in comparison to UBCs (Figure 3 ).
Discussion
In our population, the prevalence of MBCs and SBCs resulted, respectively, 7% and 3%. We did not find significant differences in terms of OS among MBCs, SBCs, and UBCs. In particular no cancer-related mortality was observed among MBC and SBC patients, and there was no significant difference in death for other causes among the three groups. In our meta-analysis, a significantly more favourable outcome, in terms of longer survival, was observed in UBCs than in MBCs or SBCs. Rank correlation test of funnel plot asymmetry was not significant in all the performed analysis excluding possible publication bias.
MBC and SBC Prevalence.
The incidence of MBC and SBC is relatively low, ranging in the literature from about 1% to as high as 21% [4, [27] [28] [29] [30] . In our population, the SBCs prevalence resulted comparable to that described by other authors (Figure 2 ), but the meta-analysis of MBCs prevalence shows a great variability among the different studies (Figure 2) , probably due to the significant difference of follow-up length and to the general disagreement about the definition of "metachronous" cancer (Table 6 ). In fact, the different authors defined as "metachronous" those tumors appearing after different time intervals from the first BC diagnosis, starting from a month and up to 5 years [31, 32] . In the more recent published studies, 3, 6, and 12 months are the most frequently considered time cutoffs to divide between SBCs and MBCs. The distinction between "metachronous" and "synchronous" is only time dependent and despite an evident synchronicity of the clinical appearance, which probably corresponds to a similarity in the time of cell transformation beginning, there may be a synchronicity of presence at the time of the first diagnosis even in the absence of any clinical or imaging evidence of the second tumor that leads this tumor to be defined clinically as "metachronous. " Therefore, although most of the authors define as "synchronous" breast cancers which present between the time of the primary tumor diagnosis and one year from it [7, 15, 17-19, 25, 26] , Bloom and colleagues extended the "synchronous" BC definition to five years from the first diagnosis [32] . In our study, we chose the "synchronous" definition for every cancer presenting within 6 months from the original diagnosis.
In accordance with the literature, MBCs represented the majority of multiple breast cancers in our retrospective study (7% versus 3%) and affected women were younger at the time of the first diagnosis than others [7] , whereas SBCs appeared in elderly women [33] . A possible explanation for such age difference may be the longer life expectancy of younger women with tumors of favorable prognosis who are therefore at high risk of developing a second breast malignancy [34] . Another consideration that could justify the older age in SBCs than MBCs or other cancers is that many older women neglect their health and find out their disease (or better accept the disease they already found out) in a more advanced stage, so that it may be just more statistically probable to detect another breast cancer (which in other circumstances would have been considered metachronous).
MBC and SBC Characteristics.
MBCs presented higher grading and lower hormone receptors expression than UBCs. Meanwhile, SBCs presented higher hormone receptors expression than UBCs and lower grading than MBCs. The higher prevalence of estrogen receptors positivity in SBCs is confirmed also by the literature [33] . Anyway, both MBCs and SBCs had higher incidence of some histological negative prognostic factors (lobular invasive histology, high grading, multifocality, and lymph node extracapsular invasion). Our data about the tumor hormonal status and histology demonstrate a lower concordance between the two tumors than the literature. In fact, Kheirelseid and colleagues found out a histological and ER-status concordance between the two BC diagnoses of, respectively, 79.2% and 49.5% [33] . Renz and colleagues demonstrated a histological concordance of 54.8%, ER and PR status concordance of 86.2% and 79.3%, and also a great similarity between the magnetic resonance imaging (MRI) features of the two breast cancers [35] . The concordance in hormone receptor status of first and second breast cancers affecting the same patient could suggest that the two tumors may arise in a common milieu and that their subtypes are predetermined in the early stage of breast cancer development [36, 37] .
The current literature suggests also the following predictive factors for bilateral breast cancer development: BC familial history [7, 25, 27] , BRCA gene mutations [38] , HER-2/Neu positivity [39] , overweight [40] , lobular histology [3, 41] , and metropolitan residence, being this last probably due to a better access to the mammographic screening [25] . In fact, also in our study second MBCs and SBCs were more likely to be discovered by mammography.
Interval between First and Second MBC.
In our study we confirmed the previous literature where the prevalence of MBCs after 10 years from the original diagnosis was around the 40% [33] . Such long time risk of MBC, which did not diminish with the pass of time, underlies the crucial role of prolonged ipsi-and contralateral mammographies in the postoperative follow-up of these patients [5, 33] . Moreover, some authors suggest that the annual breast ultrasonography could be a useful adjunctive tool to mammography for the detection of MBCs [42] .
Hartman and colleagues demonstrated that the mortality rate of multiple breast cancers is inversely proportional to the age and to the time interval between the first and the second diagnosis in case of MBC [1] . In particular, it is even 120% higher in SBC women younger than 50, whereas it is only 40% higher in the same women after the 50th year of age, and, in case of MBC, it decreases with the passing of follow-up, so that women with a diagnosis of MBC more than 10 years after the first diagnosis result to have a 5-year cancer mortality not significantly different from that of women of the same age with a UBC. In our population, a shorter time interval between the first and the second tumor in women affected by MBC resulted to be associated with a significantly lower hormone receptors positivity ( < 0.05), higher grading, multifocality, extended in situ component, and peritumoral vascular invasion (p n.s.). And actually, in terms of biological aggressiveness, very close MBCs resemble SBCs, which the literature demonstrates to have a more aggressive histological type and to be poorly differentiated [37] and at greater risk for distant metastasis than UBCs [1, 15, 37] . Anyway, in our population, a shorter time interval between the two breast cancers did not predict a worse OS in MBC patients, as described also by other authors [33, 43] .
MBC and SBC Survival.
Most of the authors agree that no significant difference exists in survival for patients with unilateral compared to all bilateral breast cancers [39] or compared to MBC diagnosed after 5 years [7] . On the contrary, SBCs are associated with poorer survival in comparison to both MBCs and UBCs [7, 15, 27, 39] , and only few studies describe an inverse tendency of better survival in case of SBC compared to MBC [19, 25] .
Although our meta-analysis demonstrates a significant better outcome in UBCs than SBCs or MBCs, our retrospective study revealed no statistically significant difference in the OS among MBCs, SBCs, and UBCs, but we found better DFS in UBCs than MBCs or SBCs (Figure 1 ). This result could be justified by a more aggressive therapeutic management of women affected by multiple BC, who are more likely to receive a radical mastectomy, and by a more prompt imaging diagnosis of a second breast cancer in women followed up for a first breast lesion. In general, patients affected by MBCs or SCBs are more frequently treated with radical surgery, even if there is no clear demonstration of its usefulness [14, 16] .
Finally, taking into consideration the impact of the different therapeutic approaches on SBC and MBC outcome, our data suggest a possible interesting role for the adjuvant hormonal therapies in the prevention or at least in the control of an eventual second primary BC. In fact, in our population, the higher hormone receptors positivity of SBCs and of the second MBCs allowed the women affected by multiple BCs to be more frequently treated with adjuvant hormonal therapies, and the second MBCs usually became evident sometime after stopping the hormonal treatment. Therefore, one could wonder if a radical surgery associated with an intensive, adjuvant chemotherapy or hormonal therapy may significantly improve MBC and SBC outcome. And we think that in order to overcome this question only a multicentric, prospective, clinical trial may try to give an answer.
Pros and Cons.
Despite the number of patients we took into consideration is relatively smaller than that of the major, multicentric studies, a strength point of our work is the homogeneity of our population, as well as the reliability of the diagnostic and therapeutic management. Moreover, we chose to take into consideration only breast cancer diagnosed within 2004, in order to have an adequate follow-up length to more accurately evaluate patients outcome. Finally, in our study, we present for the first time a meta-analysis about survival statistics about MBCs and SBCs that are a rare entity which could not be easily investigated in single center studies.
Conclusions
In conclusion, despite the MBCs and SBCs relatively low prevalence, the presence of a long time risk of MBC confirms the need of ipsi-and contralateral mammographies in the postoperative follow-up of BC patients. Although no significant difference in the OS among MBCs, SBCs, and UBCs was observed, SBCs and second tumors in case of MBCs appear to have a higher prevalence of histological negative prognostic factors, to have a worse DFS, and to receive more frequently radical surgery. In our meta-analysis UBCs had better outcomes than MBCs and SBCs. Furthermore, in our opinion, further studies are required in order to better understand the clinical impact of radical surgery and different medical and hormonal therapies on the outcome of these patients.
Abbreviations
BC:
Breast cancer MBC:
Metachronous breast cancer SBC:
Synchronous breast cancer UBC:
Unilateral breast cancer OS:
Overall survival TNM:
Tumor, node, and metastasis AJCC/UICC: American Joint Commission on Cancer/Union Internationale Contre le Cancer.
